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Fig. 1. Experimental setup. a) KGP capacitor/sensor with electrodes, b) EIS characterization of
the KGP capacitors, ¢) EIS characterization of the KGP sensors under load.
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Fig. 2. XRD pattern for the KGP cementitious composite
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Fig. 3. EDX spectrum for the KGP cementitious composite
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Fig.4. EDX element maps for the KGP cementitious composite. a) SEM image of the KGP

cementitious composite, b) Si element map, c) Al element map, d) K element map, e) element
map combining Si, Al and K.



3500 _

3000 -

2500

2000

1500

Impedance (Q)

1000

500

0.1 1 10 100 1000 10000 100000 1000000

Frequency (Hz)
b)

n 7
e 7
A 7"

Impedance (Q)
i
pun ™ .

¥ 5 L LELELE) LSRR | LR BAELL | LR | LAY L R |
0.1 1 10 100 1000 10000 100000 1000000
Frequency (Hz)

Fig. 5. Bode plot of the impedance for the KGP capacitors/sensors at room temperature. a)
capacitor/sensor 1, b) capacitor/sensor 2.



2-5)(108 Sl LSRR L IR AR | LANLERELALL | LN B AR LA | B R ERLL
s I s 30°C
20X10 '_-. o 2000 A
= . A 5C
= p = v -5°C
S 15x10°He m -
k7 S
5 e .
5} . |vA®
o 10x10°{y @ ™ -
% ven
ko) ve .
Q Yo u
A 50x1004 vem -
X
0.0 W
L lIIlI'I L IIIIIII T T llIIlII L IIIIIII T T II‘I"I LI § IIIIFII LB R R LA
0.1 1 10 100 1000 10000 100000 1000000
Frequency (Hz)
b)
| |
[
— A
) {%e= o
= 3 " ‘. v -5°C
x10° [ | =
) n
2 u
= "]
S 3x10°4 Vs, -
! VAJ
£ bem
5 ¢
@  2x10° Ao i
° Vaon
8 K\
1x10° 4 m -
()
0_
0.1 1 10 100 1000 10000 100000 1000000
Frequency (Hz)

Fig. 6. Dielectric constant of the KGP capacitors/sensors at different temperatures. a)
capacitor/sensor 1, b) capacitor/sensor 2
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Fig. 7. lonic conductivity of KGP capacitors/sensors at room temperature
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frequencies. a) capacitor/sensor 1, b) capacitor/sensor 2



Fig.9. A three-dimensional framework of [SiO4/AlO4]" tetrahedral of leucite-type KGP
cementitious composite . The silver atoms are aluminum, the red oxygen, the desert sand atoms
are silica and the purple atoms are potassium. The Space group is | 41/a, tetragonal structure with
a=13.090 A, b=13.090 A, ¢ =13.750 A.
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Fig. 10: a) Energy band structure of the KGP cementitious composite, b) density of states (DOS)
of the KGP composite.
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Fig. 11. Cyclic voltammetry curve for the KGP capacitors at different scan rates. a)
capacitor/sensor 1, b) capacitor/sensor 2.
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Fig. 12. Energy storage mechanism in the KGP capacitors. a) KGP capacitor, b) charging
mechanism, c) formation of a double layer capacitor.

—a— Capacitor 1
—e— Capacitor 2

Capacitance (mF)
N
1
|

1 T T T T T T T T T T T T T T T T T T

I I
0 20 40 60 80 100 120 140 160 180 200 220
Scan rate (mV/s)

Fig. 13. Variation of the maximum capacitance of the KGP capacitors during charging as a
function of the scan rate
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Fig. 14. Discharge behavior of the KGP capacitors at different discharge currents. a) capacitor 1,
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Fig. 18. Power density as a function of current density for the KGP capacitors
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Fig. 21. Bod plots of impedance for KGP sensors at different loads. a) sensor 1, b) sensor 2
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Fig. 22: Self-sensing mechanism of KGP cementitious composites. a) KGP sensor under stress,
b) K* diffusion pathway in the KGP matrix and energy landscape, c) effect of the compressive
stress on the activation energy and hopping distance d.
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Fig. 24. Bod plots of phase for the KGP sensors at different loads. a) sensor 1, b) sensor 2
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